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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an analog 
output circuit in which offset voltage can be 
completely compensated, which has a small layout 
■area and in which an oscillation state is not 
generated and input potential does not change. 

SOLUTION: First, only switches 3, 32, 33 and 35 are 
turned on, the electric charge of a capacitor 36 is 
eliminated and a capacitor 37 is charged to an input 
potential VIN. Next, only switches 3, 32, 34 and 35 
are turned on, and the capacitor 36 is charged to 
the offset voltage Vof of a differential amplifier 
31. Then, only switches 2, 4 and 33 are turned on, 
and potential VIN being the same as the input 
potential is outputted. The offset voltage Vof can 
be canceled completely regardless of the ratio of 
capacitance values of the capacitors 36 and 37. 
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[Claim(s)] 

[Claim 1] It is the analog output circuit which outputs the same potential as the inputted analog potential. The differential 
amplifier containing the 1st input terminal, 2nd input terminal, and output terminal, The 1st capacitor for holding the offset 
voltage of said differential amplifier, While giving reference potential to the 2nd capacitor for holding the inputted analog 
potential, and said 1st input terminal of said differential amplifier, said output terminal and said 2nd input terminal are connecte 
The 1st switch circuit for making the potential which added the offset voltage of said differential amplifier to said reference 
potential output to said differential amplifier, The potential adding said offset voltage to said reference potential outputted from 
said differential amplifier The 2nd switch circuit for [ of said 1st capacitor ] giving said reference potential to the another side 
electrode, and making it charge, while giving an electrode on the other hand, And while connecting to said 2nd input terminal 
and said output terminal of said differential amplifier said one side electrode of the 1st capacitor and another side electrode 
which were charged using said 1st and 2nd switch circuits, respectively The analog potential held at said 2nd capacitor is giver 
to said 1st input terminal of said differential amplifier. An analog output circuit equipped with the 3rd switch circuit for making th 
same potential as said analog potential output to said differential amplifier. 

[Claim 2] Furthermore, an analog output circuit [ equipped with the 4th switch circuit for making inter-electrode / of said 1st 
capacitor / connect and discharge, before making said 1st capacitor charge using said 1st and 2nd switch circuits ] according t< 
claim 1. 

[Claim 3] Furthermore, receive the analog potential as which the terminal was inputted on the other hand, and the another side 
terminal is connected to the one side electrode of said 2nd capacitor. The analog output circuit according to claim 1 or 2 which 
flows while having charged said 1st capacitor using said 1st and 2nd switch circuits, and is equipped with the 1st switching 
element for making said analog potential hold to said 2nd capacitor. 

[Claim 4] Furthermore, the one end child is connected to said output terminal of said differential amplifier. An analog output 
circuit given in either of Claim 1 to Claim 3 which the another side terminal is connected to a load circuit, and is equipped with 
the 2nd switching element which flows at the period when the same potential as said analog potential is outputted from said 
differential amplifier. 

[Claim 5] Furthermore, an analog output circuit [ equipped with the charge-and-discharge circuit for giving the potential 
beforehand provided in said load circuit at the period before it connects with the another side terminal of said 2nd switching 
element and said 2nd switching element flows ] according to claim 4. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the analog output circuit which outputs the same potential as the 

inputted analog potential about an analog output circuit. 

[0002] 



[Description of the Prior Art] Drawing 13 is the circuit diagram showing the composition of the conventional differential amplifier 
20. In drawing 13 , this differential amplifier 20 contains the constant current source 21 , P channel MOS transistors 22 and 23, 
and the resistance elements 24 and 25. P channel MOS transistors 22 and 23 are the same sizes, and the resistance elements 
24 and 25 have the same resistance. 

[0003] The constant current source 21 is connected between the line of the 1st power supply potential VCC, and node N21. P 
channel MOS transistor 22 is connected among nodes N21 and N22, and the gate is connected to the inversed input terminal 
20a. P channel MOS transistor 23 is connected among nodes N21 and N23, and the gate is connected to the non-inversed inpu- 
terminal 20b. The resistance elements 24 and 25 are connected between node N22, N23, and the line of the 2nd power supply 
potential VSS, respectively. 

[0004] The output current lb of the constant current source 21 is shunted toward P channel MOS transistors 22 and 23. When 
potential VIN1 of the input terminal 20a and potential VIN2 of the input terminal 20b are the same Current Ib1 which flows into P 
channel MOS transistor 22, and current Ib2 which flow into P channel MOS transistor 23 become the same, and potential 
VOUT1 of node N22 and potential VOUT2 of node N23 become the same. Therefore, output voltage VOUT=VOUT1-VOUT2 of 
the differential amplifier 20 are set to 0 (V). 

[0005] Moreover, when input potential VIN1 is lower than input potential VIN2, Ib1 becomes larger than Ib2 and VOUT1 
becomes higher than VOUT2. Therefore, the output voltage VOUT turns into forward voltage. Moreover, when input potential 
VIN1 is higher than input potential V1N2, Ib1 becomes smaller than Ib2 and VOUT1 becomes lower than VOUT2. Therefore, the 
output voltage VOUT turns into negative voltage. This output voltage VOUT turns into voltage which amplified input potential 
difference VIN2-VIN1. 

[0006] However, in such differential amplifier 20, even when a difference is in the size of P channel MOS transistors 22 and 23, 
or a difference is in the resistance of the resistance elements 24 and 25, and the input potentials VIN1 and VIN2 are equal, the 
output voltage VOUT is not set to 0 (V). The output voltage at this time is called offset voltage. 

[0007] Drawing 14 is the circuit diagram showing the composition of the voltage follower 30 which has an offset voltage 
compensation function for compensating the offset voltage of the differential amplifier. Such a voltage follower 30 is indicated by 
Euro Display'96 (p. 247-250), for example. 

[0008] In drawing 14 , this voltage follower 30 contains the differential amplifier 31, switches 32-35, capacitors 36 and 37, the 
input terminal 38, and the output terminal 39. Components 32-37 other than differential-amplifier 31 constitute an offset voltage 
compensating circuit. A switch 32 is connected between the output terminal 31c of the differential amplifier 31, and the inversed 
input terminal 31a. The series connection of the switches 33 and 34 is carried out between the output terminal 31c of the 
differential amplifier 31, and the non-inversed input terminal 31b. A switch 35 is connected between the input terminal 38 and the 
non-inversed input terminal 31 b of the differential amplifier 31 . 

[0009] A capacitor 36 is connected between the node between switches 33 and 34, and the inversed input terminal 31a of the 
differential amplifier 31 . A capacitor 36 has the predetermined capacity value Cof, and holds the offset voltage Vof of the 
differential amplifier 31 as a charge. A capacitor 37 is connected between the non-inversed input terminal 31b of the differential 
amplifier 31, and the line of the 2nd power supply potential VSS. A capacitor 36 has the predetermined capacity Ca and holds 
the input potential VIN as a charge. The output terminal 31c of the differential amplifier 31 is connected to the output terminal 39 
of the voltage follower 30. 

[0010] Next, operation of this voltage follower 30 is explained. At step S1, as shown in drawing 15 , a switch 35 is set to ON and 
charge Qa=Ca-VIN for the input potential VIN is stored in a capacitor 37. Moreover, switches 32 and 33 turn on and the charge 
currently stored in the capacitor 36 is eliminated (reset). At step S2, since reset was completed as shown in d£awing_16 , 
switches 33 and 35 turn off. 

[001 1] At step S3, as shown in drawing 17 , a switch 34 turns on and the offset voltage Vof is detected. That is, charge deltaQ 
for offset voltage Vof is stored in a capacitor 36, only deltaQ increases, the charge of a capacitor 37 is set to Qa+delta Q, and 
the terminal voltage of a capacitor 37 changes from VIN to VIN'. The following formulas are realized at this time. 
[0012] 
[Equation 1] 



fQ a + AQ = C a V 1N ' 
1 AQ = C of V or 

.•.Qa=c B v IN '-c or v of =c a v IN 

••'V w ' = V 1N +^V or . 

[0013] In step S4, since detection of the offset voltage Vof was completed as shown in drawing 18 , a switch 34 turns off. At ste 
S5, as shown in dra wing 19 , a switch 32 will turn off and it will be in a standby state. At step S6, as shown in drawin g 20 , a 
switch 33 turns on, the detected offset voltage Vof is fed back to the inversed input terminal 31a of the differential amplifier 31, 
and the output voltage VOUT of the voltage follower 30 declines by offset voltage Vof. At this time, the output voltage VOUT of 
the voltage follower 30 is expressed with the following formula. 
[0014] 
[Equation 2] 

v OU T=v IN ' + v of -v of 
= VlN+ cf Vof 

[0015] Therefore, offset voltage is reduced by Cof/Ca times in this voltage follower 30. 
[0016] 

[Problem(s) to be Solved by the Invention] However, since capacity value Ca of the capacitor 37 needed to be enough enlarget 
in the conventional voltage follower 30 compared with the capacity value Cof of a capacitor 36 in order to make effect of the 
offset voltage Vof small The electrode area of the capacitor 37 needed to be enlarged enough and there was a problem that a 
layout area became large. 

[0017] Moreover, since the output terminal 31c and the non-inversed input terminal 31b of the differential amplifier 31 are 
connected through a capacitor 36 when detecting the offset voltage Vof {step S3) An oscillation state arises depending on the 
frequency characteristic of the differential amplifier 31, or the magnitude of the offset voltage Vof, and it becomes impossible to 
detect the offset voltage Vof to accuracy. Drawing 21 is the wave form chart showing the square wave response of the 
conventional voltage follower 30. It turns out that an oscillation state arises from this drawing in step S3, and voltage VIN and 
VOUT change a lot. 

[0018] Moreover, since capacitors 36 and 37 were connected when detecting the offset voltage Vof (step S3), there was a 
problem that the input potential VIN will change with migration of a charge a lot. 

[0019] Without using a single crystal silicon transistor, these problems become remarkable especially, when the differential 
amplifier 31 is constituted using powerless transistors, such as an amorphous silicon transistor and a polysilicon transistor. 
[0020] Moreover, in the conventional voltage follower 30, there was also a problem that input potential could not be latched to 
accuracy by the feed through which originates in the parasitic capacitance of a component etc. and is produced in the case of 
switching. 

[0021] So, the main object of this invention is to offer the analog output circuit where offset voltage can be compensated 

thoroughly, a layout area is small, an oscillation state does not occur, and input potential does not change. 

[0022] 

[Means for Solving the Problem] The differential amplifier which the analog output circuit concerning this invention is an analog 
output circuit which outputs the same potential as the inputted analog potential, and contains the 1st input terminal, 2nd input 
terminal, and output terminal, The 1st capacitor for holding the offset voltage of the differential amplifier, While giving reference 
potential to the 1 st input terminal of the differential amplifier, an output terminal and the 2nd input terminal are connected with 
the 2nd capacitor for holding the inputted analog potential. The 1st switch circuit for making the potential which added the offse 
voltage of the differential amplifier to reference potential output to the differential amplifier, The potential adding offset voltage tc 
the reference potential outputted from the differential amplifier The 2nd switch circuit for [ of the 1st capacitor ] giving reference 
potential to the another side electrode, and making it charge, while giving an electrode on the other hand, While connecting to 
the 2nd input terminal and output terminal of the differential amplifier the 1st one side electrode and another side electrode of a 



capacitor which were charged using the 1st and 2nd switch circuits, respectively The analog potential held at the 2nd capacitor 
is given to the 1st input terminal of the differential amplifier, and it has the 3rd switch circuit for making the same potential as 
analog potential output to the differential amplifier. 

[0023] Preferably, further, before making the 1st capacitor charge using the 1st and 2nd switch circuits, the 4th switch circuit for 
making inter-electrode [ of the 1st capacitor] connect and discharge is prepared. 

[0024] Moreover, the analog potential as which the terminal was inputted on the other hand is received further preferably. On the 
other hand, it connects with an electrode, the another side terminal flows, while [ capacitor / 2nd ] having charged the 1st 
capacitor using the 1st and 2nd switch circuits, and the 1st switching element for making analog potential hold to the 2nd 
capacitor is prepared. 

[0025] Moreover, preferably, on the other hand, a terminal is connected to the output terminal of the differential amplifier, the 
another side terminal is connected to a load circuit, and the 2nd switching element which flows at the period when the same 
potential as analog potential is outputted from the differential amplifier is prepared further. 

[0026] Moreover, preferably, it connects with the another side terminal of the 2nd switching element, and the charge-and- 
discharge circuit for giving the potential defined beforehand is further established in a load circuit at the period before the 2nd 
switching element flows. 
[0027] 

[Embodiment of the Invention] [Form 1 of operation] Drawing 1 is the circuit diagram showing the composition of the voltage 
follower 1 by the form 1 of implementation of this invention, and is drawing contrasted with drawi ng 14 . 
[0028] The points that this voltage follower 1 differs from the voltage. follower 30 of drawing 14 with reference to drawing 1 are 
the point that switches 2-4 are added, and a point that the reference potential VR is introduced. A switch 3 is inserted between 
the one end child of a switch 34, and the non-inversed input terminal 31b of the differential amplifier 31. The node between 
switches 3 and 34 is connected to the line of the reference potential VR. A switch 2 is inserted between the one side electrode of 
a capacitor 37, and the non-inversed input terminal 31 b of the differential amplifier 31 . A switch 4 is inserted between the output 
terminal 31c of the differential amplifier 31, and the output terminal 39 of the voltage follower 1. 

[0029] Drawing 2 is a timing diagram which shows operation of the voltage follower 1 shown in drawing 1 . Operation of the 
voltage follower 1 is explained according to this drawing 2 . In an initial state, switches 2, 4, and 33 turn on and it is assumed 
that switches 3, 32, 34, and 35 turn off. At step S1, as shown in drawing 3 , a switch 4 turns off and the load (not shown) 
connected to the differential amplifier 31 and the output terminal 39 is separated electrically. Thereby, it can prevent that the 
effect of the switching operation of switches 2-4, 32-35 attains to a load. 

[0030] At step S2, as shown in drawing 4 , a switch 2 turns off and a capacitor 37 and the differential amplifier 31 are separated 
electrically. With a switch S3, as shown in drawing 5 , while the charge which switches 32 and 33 turned on and was stored in 
the capacitor 36 is eliminated (reset), a switch 35 turns on and charge of a capacitor 37 is started by the following analog input 
potential VIN. 

[0031] In step S4, as shown in drawing 6 , while a switch 33 turns off, a switch 34 turns on, and the offset voltage Vof is 
detected. Since the differential amplifier 31 and a load are separated at this time, the responsibility of the differential amplifier 31 
is dramatically good. Moreover, since the reference potential VR is impressed to the non-inversed input terminal 31b of the 
differential amplifier 31, operation of the differential amplifier 31 is stabilized. Therefore, charge deltaQ for offset voltage Vof is 
stored in a capacitor 36 by accuracy for a short time. Moreover, the terminal potential VIN of a capacitor 37 does not change. 
[0032] At step S5, since detection of the offset voltage Vof was completed as shown in drawing 7 , a switch 34 turns off. At step 
S6, as shown in drawing 8 , a switch 32 turns off and the differential amplifier 31 is made open-loop. 

[0033] At step S7, as shown in drawing 9 , a switch 33 turns on, the detected offset voltage Vof is fed back to the inversed input 
terminal 31a of the differential amplifier 31, and the potential of the output terminal 31c of the differential amplifier 31 falls by 
offset voltage Vof. That is, the potential of the output terminal 31c of the differential amplifier 31 turns into the reference potential 
VR. Therefore, in this voltage follower 1 , the offset voltage Vof can be canceled thoroughly theoretically, without being based on 
the capacity value of capacitors 36 and 37. 

[0034] At step S8, as shown in drawing 10 , switches 3 and 35 will turn off and it will be in a standby state. In step S9, as shown 
in drawing 1 1 , switches 2 and 4 turn on and the input potential VIN held at the capacitor 7 is inputted into the non-inversed input 
terminal 31b of the differential amplifier 31. Since the offset voltage Vof held in the differential amplifier 31 at the capacitor 36 is 



added to the output voltage VOUT and it is made to feed back to the inversed input terminal 31a, the output voltage VOUT of tr 
differential amplifier 31 turns into input voltage and the same voltage VIN. 

[0035] With the form 1 of this operation, since the reference potential VR is referred to with reference to the potential VIN of 
(step S4) and a capacitor 37 when detecting the offset voltage Vof, the potential VIN of a capacitor 37 does not change. 
Moreover, since the non-inversed input terminal 31 b of the differential amplifier 31 is fixed to the reference potential VR, an 
oscillation state does not arise like before. Moreover, since the offset voltage Vof can be canceled thoroughly theoretically, 
without being based on the capacity value of capacitors 36 and 37, it is not necessary to enlarge, the capacity value, i.e., the 
electrode area, of a capacitor 37, and a layout area is small and ends. 

[0036] [Form 2 of operation] The voltage follower 1 shown by drawing 1 - drawing 11 is used as an analog output circuit for 
driving the scanning line of a liquid crystal panel, for example. [ in order to attain low cost-ization of equipment, to form an anak 
output circuit with an amorphous silicon transistor or a polysilicon transistor instead of a single crystal transistor is tried, but ] 
Since the analog output circuit formed with the amorphous silicon transistor or the polysilicon transistor has bad responsibility, 
there is a problem that a scan time becomes long. This problem is solved with the form 2 of this operation. 
[0037] Dr awing 12 is circuit block drawing showing the composition of the analog output circuit 10 by the form 2 of 
implementation of this invention. The point that this analog output circuit 1 0 differs from the voltage follower 1 of drawing 1 with 
reference to drawjngJ2 is a point that the switch 1 1 and the charge-and-discharge circuit 12 are added. A switch 1 1 is 
connected between the output terminal 39 and the output node of the charge-and-discharge circuit 12. 

[0038] A switch 1 1 is turned off at the period which turns on at the period when the switch 4 is turned off, and the switch 4 turns 
on. The charge-and-discharge circuit 12 minds [ when the switch 4 is turned off ] a switch 1 1 , and charges / discharges a load, 
i.e., the scanning line, at the level near a target level. The voltage follower containing the differential amplifier 31 tunes the 
scanning line finely to a target level. Thereby, the scanning line can be driven to quick and accuracy, and shortening of a scan 
time can be attained. 

[0039] In addition, it should be thought that the form of the operation indicated this time is [ no ] instantiation at points, and 
restrictive. The range of this invention is shown by the above-mentioned not explanation but Claims, and it is meant that Claims 
an equal meaning, and all the change in within the limits are included. 
[0040] 

[Effect of the Invention] as mentioned above, [ in the analog output circuit concerning this invention ] While giving reference 
potential to the 1st input terminal of the differential amplifier, an output terminal and the 2nd input terminal are connected with 
the differentia! amplifier and the 1st and 2nd capacitors. The 1st switch circuit for making the potential which added the offset 
voltage of the differential amplifier to reference potential output to the differential amplifier, The potential adding offset voltage ti 
the reference potential outputted from the differential amplifier The 2nd switch circuit for [ of the 1st capacitor ] giving reference 
potential to the another side electrode, and making it charge, while giving an electrode on the other hand, While connecting to 
the 2nd input terminal and output terminal of the differential amplifier the 1st one side electrode and another side electrode of a 
capacitor which were charged using the 1st and 2nd switch circuits, respectively The analog potential held at the 2nd capacitor 
is given to the 1st input terminal of the differential amplifier, and the 3rd switch circuit for making the same potential as analog 
potential output to the differential amplifier is prepared. Therefore, regardless of the capacity value of the 1st and 2nd capacitor 
offset voltage is thoroughly cancellable. Therefore, it is small, the 2nd capacity value, i.e., electrode area, of a capacitor, and 
ends, and a layout area is small and ends. Moreover, since reference potential is used without using the input analog potential 
held at the 2nd capacitor even when making the 1st capacitor charge, input analog potential does not change. Moreover, since 
the 1st input terminal of the differential amplifier is fixed to reference potential at this time, an oscillation state does not arise. 
[0041] Preferably, further, before making the 1st capacitor charge using the 1st and 2nd switch circuits, the 4th switch circuit fo 
making inter-electrode [ of the 1st capacitor ] connect and discharge is prepared. In this case, since the residual charge of the 
1 st capacitor is removable, offset voltage is detectable to accuracy. 

[0042] Moreover, the analog potential as which the terminal was inputted on the other hand is received further preferably. On tt 
other hand, it connects with an electrode, the another side terminal flows, while [ capacitor / 2nd ] having charged the 1st 
capacitor using the 1st and 2nd switch circuits, and the 1st switching element for making analog potential hold to the 2nd 
capacitor is prepared. In this case, while having detected offset voltage, input analog potential can be made to hold to the 2nd 
capacitor. 



[0043] Moreover, preferably, on the other hand, a terminal is connected to the output terminal of the differential amplifier, the 
another side terminal is connected to a load circuit, and the 2nd switching element which flows at the period when the same 
potential as analog potential is outputted from the differential amplifier is prepared further. In this case, while having detected 
offset voltage, between the output terminal of the differential amplifier and load circuits can be intercepted, and it can prevent 
that the differential amplifier and a load circuit have an adverse effect mutually. 

[0044] Moreover, preferably, it connects with the another side terminal of the 2nd switching element, and the charge-and- 
discharge circuit for giving the potential defined beforehand is established in a load circuit at the period before the 2nd switching 
element flows. In this case, the burden of the differential amplifier can be made light and a load circuit can be made to drive 
promptly. 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the composition of the voltage follower by the form 1 of implementation of this 
invention. 

[Drawing 2] It is the timing diagram which shows operation of a voltage follower shown in drawing 1 . 
[Drawjng_3] It is a circuit diagram for explaining operation of a voltage follower shown in drawing 1 . 
[Drawing 4] They are other circuit diagrams for explaining operation of a voltage follower shown in drawing 1 . 
[Drawing 5] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 1 . 
[Drawing 6] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 1 . 
[Drawing 7] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 1 . 
[Drawing 8] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 1 . 
[Drawing 9] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 1 . 
[Drawing 10] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawin g 1 . 
[Drawing 11] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 1 . 
[ Drawing 12] It is circuit block drawing showing the composition of the analog output circuit by the form 2 of implementation of 
this invention. 

[Drawing 13] It is the circuit diagram showing the composition of the conventional differential amplifier. 
LPiawiJig_141 It is the circuit diagram showing the composition of the conventional voltage follower. 
[Drawing 15] It is a circuit diagram for explaining operation of a voltage follower shown in drawing 14 . 
[Drawing 16] They are other circuit diagrams for explaining operation of a voltage follower shown in drawing 14 . 
[Drawing 17] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 14 . 
[Drawing 18] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 14 . 
[D rawing 19 ] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 14 . 
[Drawing 20] It is the circuit diagram of further others for explaining operation of a voltage follower shown in drawing 14 . 
[ Draw ingjJJ It is drawing for explaining the trouble of a voltage follower shown in dj^wing 14 . 
[Description of Notations] 

1, 30 A voltage follower, 2-4, 11, 32-35 Switch, 12 A charge-and-discharge circuit, 20, 31 The differential amplifier, 21 A 
constant current source, 22, 23 A P channel MOS transistor, 24, 25 A resistance element, 36, 37 A capacitor, 38 An input 
terminal, 39 Output terminal. 
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4fcteff*3l2 KEt©7 + n ^W^IIK. 
©itfJieffi^ffi^«^£;ft,, ^©fe£$HF-#Affi[I]SgK 

m -r 5 m © m n i z m is a w 0 s§ 1 c ^ * s » e> tt mft £ 
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2 

[0 0 0 1 ] 

*tS7tn ^ffi^lHlgSlcBi-rSo 
[0 0 0 2] 

[fie*ros«f] hi 3d, fie*^»iijiiB» 2 0 ro»fig 

2 0H, feW,WM.2 1, Pft^MOS h7^^ 
2 2, 2 3Siy«W2 4, 2 5£^tf 0 P?-r* 
70 /WMOS h7^y^^ 22i2 3ttf^i:f-^X-C'fc9, 
IgfciSS^- 2 4 t 2 5 I4RI tfitt«*r*Tt5. 
[0 0 0 3] £tSl2 1(l |liiltliVCC©7 

-i'yty-KN2ii©f a i!;fl^5„ pft^M 

0 S h7>^^ 2 2(4, /- FN 2 1 t N 2 2 ©Pall:: 

SM^ix, %<dv- httSKA^s^ 2 o atat^n 

■5. Pft^MOS h7y-^^2 3f±, y — FN 2 

1 tN2 3©nBt«tt*tU *©y- Hi#£*EA2jiB 
f20 bfcftttSiftS. 1Sfci*^2 4, 2 5lt *ttf 
frlS — FN 2 2 , N23il2 fiJgfll&V S S © 7 >f V 

[0 0 0 4] 3&«jKEjH2 lWffl*«j!fEIbtt, P?-r* 
/UMOS h7^?2 2 t 2 Sll^ifcSfrS,, A^lS 
1-2 0 a ©HfiViNi iAA&2 0 b©m{£ViN2 t*S 
ID— T-fcS^-a-ll, Pft^'UVIOS h7>-^^^ 2 2 
{rjfS^xSm^ I bi t P^^r^/VMOS h7^^2 3 
ttttbSttflEIbiirasra-Kfto-C/- FN 2 2©Hte 
Vouti t y - FN 2 3 ©mttVouTz fc lira-K*5. L- 
7b i»ot, «lbiiffi»2 0©m^mEVouT-VouTi - 
VoutzHO (V) t^5„ 

30 [0 0 0 5] 4fc, A^m&ViNi^A^mfeViNzJ; 19 
ibiisib2J:*»t)*#<*!), Vouti^ 
V0UT2 X 9 tiS5< Lfc^oT, ffi73l;EVouTfi 

EwmEi/.CS. *fc N A7J*eViN,^A*mteViN2 
i9 tffi^4t#te, Ibi*« lb* J: 9 t>/h*< V 
ouTiAJVouTiJ:9t>ffi</j:5. LfctfoT, di^mEEV 
0UTl4ft©lffii:4:5. r©!±i^mi±VouT(4, A*«tt 
JSViii-Vim4:J|!«LfcmEi:ft5. 
[0 0 0 6 ] LTi^L, r«J:$*«S«()*|Mf#2 0-ett x 
Pf-t^/l'MOS h7^^ 2 2 i 2 3 ©iM XfC^ 

40 «s*>ofc!J, l£ln^2 4i2 5©Sfeiffit^fc5^ 

vourtto (v) fc4e>*v\ r©i§©ai*mi±(4, 

[0 0 0 7] Ell 4(4, jj**l**rod-7-fey 

*o73 O©«^^^1-0SSlt:'feS„ ro,k5»5c«flE 
7^-ni7 3 0(4, 7btx.ffEuro Display '96 (p. 247-2 
50) fcH*S*i,T^4. 
[0 0 0 8 ] Hl4li*i^T. :CtE7to730 
50 tt, MS)iiiPiS3 1. y^3 2~3 5, 



3 

3 6, 3 7, tsZTttitttitf- 3 9 

tf. «ft«*iS 3 1 3 2-3 7 «^-7ir y V 

3 1 <7)tti7Jffi^-3 1 c iKfiA^iffi^-3 1 a i^Wg 
^£;h,6o ^-f7f3 3, 3 4(4. £RMMf«3 latti 
TJiffiT-3 1 c 1 b t raMlztitfJttME 

$^b5 0 ^-f7f35ll A*4B^ 3 8 t^BiiffiS3 
1 O^S6A*S^ 3 1 b i rolW^SBttS^a. 
[0 0 0 9] ^^^3611 Myf 33t34« 
IW©y-Kt £RMH8S 3 1 WgiSSATjffi^ 3 1 a fc © 
P^ggE^S, 0TS«#fiffiCof 

LT«fti-5„ ****S9 3 7tt, gftJM£$3 1 

Rex^CT-3 i b t|2ilHsi;vssro7^yt© 

3 1 <73t±i^«T-3 1 ctt. «JE7*n7 3 O^ffi^S^ 
3 9fcSN*3JT,5 0 

[0 0 10] ^ir, r©^E7^P!7 3 OOft^lwO^ 
^f^^Sim Ell 5tetJ;9t, 
*W yf 3 5ds^i:*t), * + 3 7 \ZXKW$L 
ViN^©«?KfQ.=C. • Vi»as»A.6ft5. 
yf 3 2, 3 3^tyU ^t^3 6tfif,^t 
i^fc«fl*iiH* (yirs/h) Sift,*. *rs/7"S2T- 
tt\ EI 1 6 IC^-T J; 5 (;:, UtyhWLfcmW^ 
•yf 3 3, 3 5/5S^7i-5„ 

[0011] XT-y^S 3TH:, Ell 7(^-fJ; 

5 0 1-fc:b*> 3 6 \att?-ty h®EVof# 

OlitAQ*ifif)^ * + 3 7rom«f*S6 Qfc* 

»t*BJDLTQi+AQi/Jt). * + 3 7<D^m 

EjjJviN^fevm' KUtft-rs. rcot^, areata* 

[0 0 12] 

jQ a + AQ = C a V 1N ' 
1 AQ = C or V rf 

•■•Qa=c a v IN '-c of v or =c a v IN 
.".v IN '-v IM +^-v lir . 

[0 0 13] ^ry7"S 4tU Ell 8 i^f J; 5fc, 
^■7 -fey h«BEVofWttffl*s*TUfc«5T?, ^-fyf 3 
4^^-71"5o ^ry/S 5tll, El 1 9 5 

^^^3 2*:t7U^^y^«lt(c5 a * 

Tj'7 , S6m HI 2 Ol^-f «fc 0 In, ^»yf 3 3 45 
tVU tfctHLfc:d-71ry httEVof^%ni«HS3 1 
<0RteA*»?-3 1 a C7-f-hV<y^$*L, ^E^* 
p7 3 Oroffl^3«EVouTi4S^-7ir y httEVof#£»+ 
igy-TSo C<75i:#fl;E7^-P7 3 OWtti^mEVouT 



(3) tt'M 2 0 0 1 - 3 2 6 5 4 5 

[0 0 14] 
[ft 2] 

V ol rr=V IN ' + V of -V of 

=ViN+ tr v ° f 

[0 0 15] LfciSct, ;ciE7*D73 0fll, 

70 [0 0 16] 

*n?3 om Jryty hUEVof <7)f^£vh£ < t" 
-Sfcfedfi^^v^ 3 6 WgSftCof Ktfc^t**/* 

3 7 0*«tCi4r+^*# <t4M#fcotC 
T\ 3 7 romSB0|*r+^*# < 

*>!), W7|7 hE«#*#<fc6^5HM#*>o 

[0 0 17] *fc, ^-7ir-y hfl;EVof^^tii-t5i# 
{^Ty/S 3) 4 £IMIKi§3 l©ffl**f8 1 c t 
20 #Sfi^**lff3 lbii»*-r^^3 6*r^L-C«a«* 

in, VQ\n&Jz£<&ik.1rZZ.kifibi*&. 
[0 0 18] 4fc, ^-7-fey h«EVof*ttai-5i# 
(^7y7-S3) , * + '<->*3 6i:3 7#BSIJlE*iT,S 

w T\ m#ro&») t j; o x ATI Wl v i n as A # < JCfl; L 

[0 0 19] iatferofSgjgtt, JWt*->y 
x^^rffl^-fl^ 7^77^'>!)^>F7y^^ 

ft 5. 

[0 0 2 0] ttc. ««l£E7i-ny3 0m 

40 [0021] ^^xim, wrojgwwifcsaWtt, 

7ty hHE&^^*«1-5Ct^T'#, W7?b 
[0 0 2 2] 

■T5T-7-o^tti7J[HlBgT"fcoT, Ilff)A«^ SI 2 
WA^C^fci:0*ai7JffiT-£^fri£»if*IS^ iiijlt 
Wl^ty htE 5 fc ft roll 1 od * -r '< '> 

50 AaSfrfc7-J-n^*ttfr«#i-6fc»©m2© 



*«f Sr**L^3E»i|i«»<7)JIS 2 (DA^ffiT-fci; tffcH 

[0 0 2 3] SfS^lt Sbfc. SlfcJ:?m2<7)12] 
4W«l«IalI»iS»!ttbti.S. 

[0 0 2 4] 4fcif4L<»± > ^C, 
» H K 4: ffl ^ T jR 1 (73 * -r ' < f * * ft « L X ^ 5 ffl i z. m 
[0 0 2 5] tfcffSUIt Sbtc, J&©-*«H?-as 

[0 0 2 6] 4fcff*L<tt. ^2(73^ 3,^ 

[0 0 2 7] 

immn^mnmm] immmmn ant 

W<Dm&<o&1& 1 in J; z>m&y* u v i ros^ir^tii 

[0 0 2 8] H 1 £#BS LT, Z.<Vm£7*uV 1 -#0 
14©U±7tP!7 3 0tSii?,^IJ, *-fs/f-2~4 
# iiJD S ;h,X ^ 5 A t , V R tmX $ ftT 1^ 5 

!fti#tl^3 1©«AAW3 1 b iWMfcflff**!, 
5„ £ 3 4 ©M<Dy- Ktt, MtfiVRO 

ST-3 1c itE7*o!7 l <73ttl^ffi^3 9 irrofiginfl- 
[0 0 2 9] H2I4, m 1 l:*LttE7*n!7 1 roft 



(4) #Pjfl 2 0 0 1 - 3 2 6 5 4 5 

ffi^^-D v i (Dftmno^xtft^-f 5» mwuxii, 

^.^■7^2, 4, 3 ^^^^3, 3 2, 3 

4, 3 5M7Lt^5t<Ott5 0 Xfy7'Slf 

gg3 1 iffl;«*3 9fcS8Bfc3;h.fc*flf (B**1") t 
4, 3 2-3 5 0«J«ftfPro*»*s*ffl::&-P©feWii: 

-far fcj&t-e#6. 

[0 0 3 0] ^fy7 , S2T"(i 1 H4K5rfJ:5t, * 
10 4yf-2&*7U * + '<S'*3 7*ailMMS#3 1;&S 

^^7f 3 2, 3 3 7)5 7t-VLX^^^°->^ 3 6 

[0 0 3 1] ^fyT'S 4T11, H6tS%fJ:5fc, * 
-f -y^3 3^^7-TSi: ifefcV 5/f3 4AitVU 

3 1 tA^WDBf^tLX^-S^X. M»J#*ig31(73 

Tjffi^-3 1 bfc#&«4fcVR*PPJDLTI^5©-?, Si) 

3 6Ktt*7ty h«SVof^©«flrAQAJffiB*W-CiE 

[0 0 3 2] ^fy7*S5m HI 7 S^-f J: 5 IC, 
h«EVDfOtta*s*ITUfc©-e, yf3 4 

-1" 7f3 2^t7U £UK|iKS3 17)5^-7°^-^ 
3(9 d^itS,, 

[ 0 0 3 3] Xx->7°S 7f«, 121 9 <t 5 ^ 

-f yf3 3i«^U IWlLfc*7-fey h«ffiVof7)^ 
»t|^3 1 C0^|5A7a«^3 1 a(-7-f- K"<y^* 
iXx %Uitt4H3 icot±i7:ffiT-3 1 c©«ttiSd-7-fey 

hWEVof^^ttfirr*. i-Jtefc*,, sftifti^3 1 

<75(±i7:«^3 i cro«4ii#itfivRi<c5. Uctf 

oXs ;W|E7*D7 1fll, 3 7 

w [0034] xrj/7"s8m mi o^i-iit, 

^•Ys/^3, 3 5/)it7L, ^^V/^-f^ir^So ^ 
r->7 , S9m Hi lfcijrf iSfcx ^^y^2, 4 

ClKMiSS 1 3 1 b{lA73$tu5«, 

1 Xi4^^^°->^ 3 6 i'f*^$:^fe^7-fe y 
h Vof ZliitimE. Vout id±^* LXSteATJS^f 
3 1at7-f-K/<y^*«©-e > 8ft»ll3 1« 
a*«£EVouTttA*«Ei R C*i±ViN t fc5. 
[0 0 3 5] Z.nmi&<DMWll X'14, t7ts/htEV 
50 of ^r^fctl-rSt^lr (7T77S4) . 7 



«*{4Vi n < #flg«ffi V R ^#bs-T 

sro-p, 3 TrowffcviNasa-ffc-rsifctffc 

V\ 4fc, &IMMg&3 1 ©#E<EA*j4SHf 3 1 b 
4i:6:tt4^ 0 3 6, 3 7(73^* 

[0 0 3 6] KI«2] ai~IHX^Ltt 

j±7 * p 17 1 a, fci iLtffi&^/wiE&iktwmt 

tf!J ->y =>^h7^^^^T«^nfcT^P^iH730 

[0 0 3 7] Ell 2f±, Z.C0%W<DmfaOl&m2\z£Z> 
7tD^@»i 0O*ja*S%1-|lB^ny^B|-?*) 
So HI 2*#BBU-C, ;©7t n^tB7J0SSl 0^0 

KOtE7tD!7lfcS45jSli *-r yf-i i*j,ttf 

If*, W*«^-3 9i:3aSrttlHlKl2©ffl*y-Ki:© 
[0 0 3 8] ^yflltt, *^ ^4/55^7 £tlT 

SEi-5. rt^tc J: <9 , jfe*»fcHflaa*o]E1*l;:«»i-$ 
r. t *s -C # » £SB# WO £Kfc 4: 0 5 £. h # X # 6 . 
[0 0 3 9] fc*5. ^EM^S^^lfe^ffifii-^T 

0£^-5o 
[0 0 4 0] 

ft*«&Ka*s*5fcfco»i<DW»@&^ scut 

fc«(fc*r« 1 W*-r"<->*«)-*«ffit#-A.5 t k fc 



(5) ^2 0 0 1 -3 2 6 5 4 5 

8 

©SJ&Hggt, »ifcJ:tJ { »2ro§)«iii]BS*ffl^-C3te« 
^tSiHC, g2©^r^^->^Cffift^fc7tn 

trmsi t racmt 4raaai**Bii fctti * 4 * s » ©« 3 

^tn^v-fe/w-et-So iot, I2(7)^t^->^fflt 

ai*s<Tfftf. iiw^t^^t^ts 

t § T* t» » ffi 2 © * -y / < •> 9 \Z. ftft £ ft A 77 7 ± d 9 

m&*m^\z&m.mt$:m^z><Dx\ x±r-f-^^m 

[0 0 4 1] Sfcfc, «l£5j:tf!g2©$ 

[ 0 0 4 2] *fc$f*L<tt, $<bl~, %<D--)5m-& 
A7j£ tltzT-f-a ?m£*$:rt. ^Ote^flS-T-^SB 2 © 
* + <0-*«ifc«ttS*b. «l*Sj:tfj|S2©$D 

[0 0 4 3] ttff4L<B, ^©-^S^dS 

te^ a * $ ixr ^ 6Mn t *a-*-6 US 2 <D x ^ y f - Vi/ 
L T v ^ 5 IW tt3ab«««o til *«B^- * WBK t © B *: 

[0 0 4 4] itfftL<tt, *2«)^yf^J|l? 

■t- s ffi <n m mi z & fir 0 sg t ^ & je * ?> n tz mar. * 4 *. 5 
[glffi©ffi*WJ] 

[El] ;:0»H<0S&*0D}glBlKJ:5«E7*n!7 
[02] HlC*LfctE7tn!7©(|^t?'f 

Aft- vxhz>, 

50 [0 3] Hll^Lfc«£E7*n»7OT|btfSrttWr5 



[04] i 1 LttE7* o 7©iMtt!it5 

lias] ®i\z7FLitm.i±y*v y 7oW}r?&m.w-f?> 

fc»©Se>fcte«3lllKB|-C4)5. 
[0 6] HlC5%LfcmE7*n70»fP4:ttMi-S 

fcfew^ e>f-tero[Hij»@-e*»5o 

[0 7] Hll::*Lfc«EE7*Bi7©Bif^*|ftWi-5 

[08] 01 fc*Lfc*ffi7*n7©fiflsS:|ft9H-5 

[0 9] HHi:*L.fc«E7*n!70iiff*KW-fS 

[010] Hl^*Lfc*E7*n«7©ftf^«rKW+ 

[011] Hll!i*LfcftE7*D7ro|bff*:ttW+ 
5fc»«§?j^<7)lelKia-C*)5. 
[012] ^0»WOJ*»©»tt2tJ:5T-*-n^ai 

[013] fi§*«73Hft*i|SS<7)fllfi£*:Sii-|a]|iS0-?*> 

So 

[014] (je*©mffi7*o»7(O«^S:^-t-[lK0-C 
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[015] 0 1 4 \~^\^tz.m±7*vy<om't :/ km.m 

[016] 01 4i^^LfcmE7^cyoi)]f^*fAB^ 
t5fc»!)O|O[HlfflfJ)5 0 

[017] Bl4fc*LfcmE7*n!7©ftf£$:tMJ 
1" 5 it ft (O £ b K teco[slSS0 T-*> 5 . 

[018] Bl4e*Lt«E7*ti!70|ff4:|S9] 

[019] Hl4f^Lfc«£E7*o!7W«iff*r|ftW 

[02 0] 01 4fc^Lfc«m:7*P!7<Dtl)ft5£tftlK 
-T 5 fc ft CO S b fc: te H S£ 0 X' fc 5 . 
[02 1] HI 4fc*Lfc*E7*P!70lHHjfS*rfft 

1, 30 l£E7i-py, 2~4, 11, 32-35 
*-ry*\ 12 ft»«[!gg N 2 0, 3 1 gftittt 

2 1 ^HffitSL 2 2, 2 3 Pft^MOSh 
yls'y^V^ 2 4, 2 5 tefet^-f-, 3 6, 3 7 
3 8 A7J«i^ 3 9 tti^*^. 
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S3 (ty-by httdJ) 



[018] 

S4 (*7t7 K«UR7) 
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Vin -t-Qa+AQ| 

^37 
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S5 CX*>/<-f) 
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^-37 



(72)3§^# SB Wj£ F?--M##) 5J066 AA01 AA12 CA13 CA54 CA92 

JttJSta^ttfflKArort-Tl 2#3t Z FA18 HA10 HA29 HA38 KAOO 

Sm«SM*5££ttrt KA05 KA19 MA05 MA23 ND01 

ND11 ND22 ND23 PD02 TA06 

5J091 AA01 AA12 CA13 CA54 CA92 

FA18 HA10 HA29 HA38 KAOO 

KA05 KA19 MA05 MA23 TA06 
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